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视 。 本 文 主 要 研 究 了 两 种 新 型 高 比 容 量 聚 阴 离 子 型 正 极 材 料 ，
0.4Li2SiO3/0.8Li2FeSiO4/C 和 Cu3(PO4)2。 
    本论文采用改进的溶胶—凝胶方法成功合成了 0.4Li2SiO3/0.8Li2FeSiO4/C 复
合材料，该材料具有较高的比容量（实现了 1.44 个电子/Fe 可逆转移），良好的
倍率性能及循环性能。采用固相法与化学沉淀法合成了具有高比容量的可充锂电
池正极材料 Cu3(PO4)2。通过 XRD，SEM，TEM，FTIR，固体 NMR、充放电测
试等表征手段对材料的结构、形貌、充放电机理以及电化学性能进行了详细研究，
主要研究结果如下： 
1. 通过改进合成方法，成功合成了 0.4Li2SiO3/0.8Li2FeSiO4/C 材料，该材料是通
过在活性材料 Li2FeSiO4 中复合具有高离子电导的非晶态 Li2SiO3 离子导体和
高电子电导的 C 而提高材料的电化学性能。采用 XRD，FTIR，Raman 等表
征方法，确认了 Li2SiO3 和 C 的非晶态存在形式。通过 SEM，TEM 的分析，
得到了材料尺寸形貌以及复合结构。 
2. 0.4Li2SiO3/0.8Li2FeSiO4/C 材料具有较高的比容量，在室温 10 mA/g 电流密度
下，材料的首圈放电比容量高达 240 mAh/g，实现了每单元活性材料
（Li2FeSiO4）中 1.44 个电子转移，循环 40 圈之后，材料的容量保持率达到
了 80%，体现出了教好的循环性。在 500 mA/g 的电流密度下，材料的放电
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学性能，结果优异。进一步通过 GITT 实验得到了复合材料的锂离子扩散系
数，证实了通过复合非晶态 Li2SiO3 锂离子导体，提高材料中 Li+浓度，缩小
材料颗粒尺寸，缩短 Li+扩散路径，可以提高材料的电化学性能。 
3. 采用化学沉淀法和固相法成功合成了具有可逆性的锂电池正极材料，
Cu3(PO4)2。首圈放电比容量高达 423 mAh/g，对应了 3 个 Li 的转换，且呈现
出了良好的可逆性能，十圈之后材料的放电比容量达到 270 mAh/g。不同电
流倍率（40mA/g，400 mA/g，2 A/g、4 A/g）下充放电，材料呈现出优异的
倍率性能，首次放电比容量分别为 420 mAh/g，400 mAh/g，390 mAh/g 和 370 
mAh/g。 
4. 应用 in-situ XAFS，固体 NMR 技术确认了材料充放电过程中的反应机理。
In-situ XAFS 表征显示在材料的首次放电过程中，Cu2+不断的向着 Cu0 转换，
最后放电到 1.5 V 时，材料中 Cu 元素的吸收边与 Cu0 标准样的吸收边基本吻
合，证实了材料的反应过程是一个转换过程。固体 NMR 表征确认了材料在
充放电过程中是一个 Cu2+—Cu+—Cu0 相互转变的过程，而并非是 Cu2+—Cu0





































With the advent of the global energy crisis，people are increasingly focusing on 
lithium ion battery, hoping it can not only be used for mobile electronic devices, but 
also for large scale application in electric vehicles and energy storage field. As a key 
part of lithium ion battery, cathode material limits its energy density. Therefore, it is 
necessary to develop new cathode materials with wonderful performance, 
environmental friendly property and low price to meet the demand for large scale 
application and miniaturization. In recent years, researchers never stop exploring new 
cathode materials, such as LiMO2（M=Co,Mn）,LiMPO4（M=Fe、Mn、Co、Ni）
and Li2MSiO4（M=Fe、Mn、Co）,which have been widely studied. Polyanionic cathode 
materials, which have the merits of stable structure and high voltage plateau, have 
become the hotpot for researchers. In this paper, two novel types of polyanionic 
material with high capacity, 0.4Li2SiO3/0.8Li2FeSiO4/C and Cu3(PO4)2 have been 
studied. 
Here, 0.4Li2SiO3/0.8Li2FeSiO4/C is successfully synthesized via an improved 
sol-gel method and exhibits enhanced cycling stability, rate capability, as well as high 
specific capacity. Cu3(PO4)2 with high capacity is synthesized via chemical 
precipitation method and solid state method. XRD, SEM, TEM, FTIR, MAS NMR 
and electrochemical performance test are carried out to characterize structure，
morphology, charge and discharge mechanism and electrochemical properties in detail. 
The main results are as follows: 
1. A strategy is proposed and developed to promote Li+ diffusion in polyanionic 
cathode materials such as 0.8Li2FeSiO4/0.4Li2SiO3/C with the incorporation of 
Li2SiO3 as lithium ionic conductive matrix. The XRD and FTIR results indicate 
the Li2SiO3 component exists in amorphism. SEM and TEM analysis show an 
aggregate structure consisting of primary nanocrystallites (about tens of 
nanometers in diameter). The primary particles consist of crystal Li2FeSiO4 phase, 














 硕士论文        高比容量硅酸盐及磷酸盐锂电池正极材料研究     厦门大学    白晶玉   2013 
 IV
amorphous Li2SiO3 and C which are well known as a lithium ion conductor and 
electron conductor. 
2. The composite material shows enhanced electrochemical performance, delivers a 
capacity as high as 240 mAh g-1 (corresponding to 1.44 electron exchange per 
active Li2FeSiO4 formula unit) with good cyclic stability at 30 oC. GITT 
experiments were carried out and confirmed that incorporating lithium ion 
conductive matrix into polyanion cathode materials may provide another effective 
approach to improve the electrochemical activity of these compounds. 
3. Cu3(PO4)2 is synthesized via chemical precipitation method and solid state method 
and successfully applied into rechargeable lithium battery for the first time. The 
first discharge specific capacity is as high as 423 mAh/g, corresponding to the 
total conversion of three Li ions. And the capacity still retains 270 mAh/g after ten 
cycles. Besides, the material shows impressive rate performance. 
4. The charge/discharge mechanism of Cu3(PO4)2 is characterized by  in-situ XAFS 
and solid state NMR technology. Finally, the conversion reaction is confirmed 
clearly and deeply, which is a Cu2+ - Cu1+ - Cu0 mutual transformation process 
step by step instead of the reaction of Cu2+ - Cu0 directly. 
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